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Karshingsa is a hilly terrain situated in lower Himalayan region under Arunachal Pradesh in India. It expresses occurrence of severe 
landslides of debris flow nature almost every year as and when consecutive 3-month rainfall precipitation during peak monsoon period 
exceeds about 2,300 mm, all along the lower Himalayan region of Eurasian plateau most particularly in Karshingsa area.  
 
Study carried out in the lower belt of Arunachal Himalaya for about more than one decade proclaims that 45%-55% landslides are 
flow type origin, the debris of which are flowing like liquid. Mechanism of such flow failure is static liquefaction developed in a 
circumstance of its geological origin, in which the discrete boundary exists. The conventional method for finding the critical ‘c’ & ‘’ 
related to old failure zone is not valid for occurrence of such landslide. Hence, stability analysis demands a new approach with 
procedures. This new process accepts the real occurrence of flow slide in a study area called Karshingsa of north eastern region of 
India. 
 
Present study generates a new approach and recognition of new method of stability analysis for occurrence of flowtype landslide 






Flow type Landslide in General 
 
Karshingsa generates rainfed landslide [Fig. 1 (b&c)], which 
is unique in nature. The sliding masses are flowing down like 
liquid. Such type of landslide is known as Flow type landslide. 
 
Landslide creates hazardous problem for human community as 
and when it is occurred closed to human settlement without 
giving any longtime prewarning. Consequently it is termed as 
natural hazard. Most of the landslide pertaining to lower 
Himalayan belt is rainfed only. All of them are not identical. 
However, external mobilizing force is same for all. The force 
is generating out of heavy rainfall of continuous nature. 
Though continuous heavy rainfall generates various forms of 
landslides yet, the mechanism of failure for such rainfed slides 
may be common. This mechanism is recognized as static 
liquefaction. Of the many slides, flow type landslide is unique, 















India some publications are found after Bayan [2004, 2008 & 
2010]. Study carried out by Bayan [2002-10 & 2007-12] in the 
Lower Himalayan belt in Karshingsa slide prone zone for 
about more than one decade proclaims that 45%-55% 
landslides are flow type origin, the debris of which are flow 





about the flow type 
landslide as – (a) After 
Varnes, 1978; (b) & (c) 
Karshingsa (NH-52A) 
Flow land-slides during 





Photos – Gokul, 1998 
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The simple definition of flow type slide found after Varnes 
(1978), may be as follow: when a stable mass of soil resting 
on sloped impervious ground [Fig.-1] started moving down 
like fluid due to its static liquefaction of the ingredient soil 
particles at its base of the strata then, it may be called as flow 
landslide. After slide, the dump down sliding mass has no 
longer can retain its original shape or block of mass even for 
two particles together at a time. In general, flows are down 
slope movement of earth that resembles viscous fluid. They 
differ from general form of landslides in that sense there are 
no well-defined blocks moving along shear surfaces. Instead, 
the mass flows down hills with shear strains present 
everywhere. After the flow ceases, its products have a clearly 
fluidized appearance, as shown in Figure 1 (a, b &c). 
 
In terms of geotechnical expression found after Bayan (2008 
& 2010), when the undrained steady state shear strength of a 
particular soil mass of the strata resting on an inclined 
impervious ground started losing its strength suddenly without 
any strain deformation and used to move down like a fluid 
flow then such type of landslide is called flow type landslide. 
It is a common feature in the quaternary formation i.e. Upper 
Siwalik Himalayan subsoil. Such subsoil comprises the whole 
Lower Himalayan ranges of hills including Patkai and Naga 
folded belts of Northeastern Region (NER) of India.  
 
It is recognised through geotechnical investigations that the 
particular soil layer which generates flow slide is known as 
colluvial soil mass only with presents of angular soil grains  
(Bayan, 2008 & 2010). The external force which makes it 
happen to be occurred is the heavy and long durational rainfall 
only. No over loading nor any dynamic forces like earthquake 
shocks can generate flow type landslide.  Due to the action of 
sudden increase of water load among the voids of the soil 
particles of the colluvium strata pertaining to the discrete 
boundary, the soil mass gets saturated along the inter layer 
boundary and generates static liquefaction [Bayan, 2008]. 
Static liquefaction in the soil mass is a local phenomenon in 
very small scale. However, the accumulated result of such 
innumerable static liquefactions yield large scale land mass to 
flow down as fluid flow, which normally use to term flow-
slide or flow type landslide. 
 
 
Karshingsa in General 
 
Karshingsa, which is the study area, is a hilly place located on 
a top of adjacent hillock of National Highway NH-52(A). This 
NH-52(A) is 29 km long connecting Itanagar, Arunachal 
Pradesh, which is the capital complex comprising Naharlagun 
& Itanagar, with Bandardowa. On the other hand, Bandardowa 
is also a low lying stable hilly area that bordering Arunachal 
with plains of Assam state, India. Geographical location of the 








50'E. The GPS coordinates 
of the particular section of NH-52(A) that suffers landslides is 
27
o
 07' 19."N, 93
o
 46' 51" E and 140 m elevation from msl 
measured on November 27, 2007. At this particular slide 
prone area, the part of the NH-52(A) coincides tangentially 
with the river water course alignment of a very wide river 
valley of river Dikrong. Figure– 2 shows the location of 




Fig. 2. Site plan showing the location of study area in 
geographical world. 
 
There are two fold suffering effects found in Karshingsa slide 
prone area which is generating out of two kinds of landslides. 
In the first fold sufferings landslides are abundantly generating 
due to toe erosion of the hillock comprises NH-52(A) by the 
moving water body of the river Dikrong directly. On the other 
hand, the second fold suffering consist of occurrence of flow 
type landslide at colluvial layers where it is exposed and come 
into the direct contact of water, either of rainwater or of river 
water.  Present study is concentrated with the occurrence of 
flow type landslide only. 
 
Geographically, the location of the big flow type landslide 
occurred during 1998 which has evidences of causalities and 
loss of properties, is on the right bank of the river Dikrong on 
the upstream of its junction with the Karshingsa nallah and 
downstream of its confluence with the Pachim river [Fig.2]. 
Migration of river Dikrong towards the hillock at Karshingsa 
area is observing since 1991 and trapped them continuously in 
still photographs since then till present. Study reveals that a 
few portion of some hill top [Fig.-1] measuring about 2800m 
length (x) 700m flange-breath flows down discontinuously 
which were eye witnessed by the author, as a result of severe 
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flow type slides that lasting for about 4 months (June-
Sept.’98). The large scale consequences of such happening 
reveal a very interesting deform features of five adjacent 
hillocks comprising 5-ridges which covers a failure slip circle 
goes down about 5.5m from top of the ridges of hillock 
ranges. Such feature still exists for eye witnessing to enjoy 
landslide residual masses in the hill top. In opinion it may be 
proclaimed that Karshingsa is a highly landslide prone area 
known as one of the active sinking zone of NER of India. 
 
 
PARTICULARS ABOUT KARSHINGSA LANDSLIDE 
 
 
Rainfall – as External Cause  
 
Rainfall is considered as the principal triggering force to 
destabilise a naturally standing hill slope of Himalayan origin 
that applied externally to the equilibrium system prevailing in 
the stable site. In lower Himalayan region pertaining to 
Arunachal Pradesh, in general, most of the landslide occurred 
due to heavy rainfall as revealed by 20 years of direct 
observation except human activity. Within this period of 
observation (Bayan 2008, ’10 & ’12), there are not a single 
landslide found occurred due to triggering effect of earthquake 
shocks which were felt herein many times.  
 
Table 1 gives an account of annual rainfall for a considered 
period in and around Karshingsa slide prone area. It is cleared 
from Table-1 that very high annual rainfall precipitation was 
found during 1998 and 2004. In both the years flow type 
landslides found occurred. But 1998 landslide was widely 
spread.  Reason of such occurrence is the consecutive 
occurrence of annual rainfall for 2 years before and after 1998 
is very high. 
 
Study reveals that long durable heavy rainfall abundantly exist 
during a period from May to September (5-months) every 
year. Subsequently, there generates an important yielding 
feature out of such nature of rainfall from colluvial subsoil is 
the occurrence of flow type landslide irrespective of their sizes 
and effect. Obviously, a conclusion may be drawn in this 
regard is that, every year as and when consecutive 3-month 
rainfall precipitation within this 5-month peak monsoon 
season exceeds about 2,300 mm there is a flow slides happens 
all along the lower Himalayan region particularly in 
Karshingsa area. Hence, it is to be noted as a prewarning 
probe with long durable heavy rainfall is becoming critical for 
hillocks comprises colluvial soil strata as top layer. It is found 
that the month June is found critical for heavy rainfall 
precipitation every year which yields flow type landslide in 
the study area. Hence, to make the study comprehensive, 
Figure 3 is prepared and presented to demonstrate a 














Jun-97 0 129 123 57 34 53 67 3.8 21 36 35 40 13 21 29 63 159 27 0 0 40 0 4.4 18 67 0 1.2 44 22 8.4
Jun-98 95 8 19 14 17 104 64 86 78 71 18 202 58 7 18 50 23 67 38 24 19 92 52 70 110 66 4 18 24 30
Jun-04 0 3.4 27 24 4 36 6 59 2 0 0 0 0 0 0 0 15 28 42 26 40 81 78 42 22 3 47 0 54 108
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
 
 
Fig. 3. Demonstrates a comparison of 3 years 24-hours 
rainfall during month of June in which flow type landslide 
occurred in the study area. 
 
Study also reveals that minimum 71% of total annual 
rainfall within the 5 month period can generate flow 
slide in a particular hill flange where discrete boundary 
exist over the restabilised old sliding colluvial landmass. 
Table 2 in this regard proclaims the nature of return of the 




Table 1. Rainfall intensity in and around Karshingsa, Itanagar area  
(Source: Rural Works Department, Doimukh; Govt. of Arunachal Pradesh) 





















































































































































































Total 3,163.3 3,324.9 3,496.4 3,303.2 3,914.8 3,575.4 2,707.2 2,274.9 2,954.2 3,083.6 4,226.7 2,880.4 2,908.4 3,687.4 
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Table 2. Some special characteristics of rainfall giving flow 
slides (FS) in Karshingsa zone 
 

















Total annual rainfall in 
mm 
3,911 4,281 3,914 4,226 2,908 
Total 5-months rainfall 
in mm 
3,209 3,523 3,322 3,018 2,949 
p.c. of 5-months rainfall 
out of total annual 
rainfall 
82.05 82.29 84.86 71.14 79.98 
Observation of flow 
slide w.r.t repetition of 
slides in same location 
1 time  1 time  3 times  1 time  1 time  
 
 
Geological Setup – an Overall Cause 
 
The importance of studying the geological setup of a slide 
prone area is to identify the broad way of approaching towards 
handling the sliding problem. It reveals a broad method of 
solution. Hence, it can’t be ignored to get a perfect solution. 
However, on the other hand, geotechnical study of the slide 
prone area leads the practice to get exact solution in the tune 
of exact path derived based on geological study.  
 
From geological point of view in general, Karshingsa slide 
prone area is situated within the main plate boundary fault 
between Eurasian and Indian plates and the main thrust fault 
of Himalayan hill ranges. As a whole the base rock formation 
of Karshingsa area falls under Quaternary group of rock 
formation. However, stratiographical point of view some 
subsoil bends of stratifications so exposed is identified as 
Kimin formation under upper Siwalic group. It is obvious 
from the field study that the particular subsoil so far known as 
colluvial subsoil is fallen under Quaternary group only. An 
active fault is found associated with the slide prone zone of 
Karshingsa. In this regard, the geological map is given in 
Figure 4. 
 
Investigations have been carried out by many Indian 
geologists, but the systematic regional geological map of the 
Tertiary Belt of the area was prepared by Karunakaran & 
Ranga Rao [1976], while Kunte et al. [1983] have mapped the 
Tertiary Belt of Bargang and Pachin river section. Recently 
Kumar [1997] has compiled the geology of Arunachal 
Pradesh. Geologically, the selected corridor of the NH - 52A 
where Karshingsa is one of the important part between 
Bandardowa and Itanagar runs almost entirely through the 
Quaternary Formation/ upper Siwalik, locally known as the 
Kimin Formation [Fig. 4]. These rocks have been deposited 
during Mid-Miocene to Lower-Pleistocene period, as indicated 
by the plant fossils reported from these beds [Kumar, 1997]. 
 




Fig. 4. Geology of the NH-52(A) covering the study area – Karshingsa 
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The Formation consist mainly of alternations of conglomerates 
known as pseudo-conglomerate (geotechnical name of this 
layer of soil is colluvium), soft and massive sand rock/ 
sandstone, and silty clay beds (geotechnical name is Soft 
Rock-Hard soil). The beds strike NW - SE and gently dip 
towards NE. Three sets of joints exist in these rocks. Besides 
the Upper Siwalik rocks, Quaternary deposits and terraces also 
occur at some places. The Main Boundary Thrust passes on its 
north and in the south is the Plate boundary fault (i.e. the 
Himalayan Foothill Thrust). Some geomorphological and 
stratiographical studies carried out in the region [Kumar et al., 
1983; Joshi and Rawat, 1988] indicate presence of four levels 
of terraces in the Pachin and Dikrong valley. It indicates 
upliftment of the area during the Quaternary period. 
 
In the affected area, the Upper Siwalik conglomerates and fine 
grained sand rock are inter-bedded. Generally, the trend of the 
rocks is in the N25W – S25E direction with a dip of 10 
towards northeast, i.e. towards the Dikrong river valley. In the 
higher reaches, the rocks are gently folded into a broad 
anticline with axis trending along the N15E – S15W and a 
plunge of about 10 towards the northeast and towards the 
valley. The alignment of beds is parallel to road at N75W - 
S75E and dip at 10 NE towards the Dikrong river valley 
[Fig. 1]. The landslide zone consists of mainly two rock types 
i.e. sand-shale stones and pseudo-conglomerates. The 
sandstones are generally inter-bedded and overlain by pseudo-
conglomerates with a thin band of grit between them. The 
rocks are soft having thinly bedded, possessing incomplete 
geological formation. Moreover, leaching of iron oxides 
(hematite, red ochre) due to excessive leakage of water from 
the interfaces between bedding planes may seem to weaken 
their perennial strength. The sandstones have three major joint 
planes i.e. J1 75–80/N40, J2 68 – 72/N118 and J3 18 – 
20/N70. The attitude of the bedding plane is 18/N16 
where slope direction is >80 /N12. 
 
Pseudo-Conglomerates are the prominent rock unit exposed 
along the national highway. These rocks are easily erasable 
because of poor cementation and pronounced weathering. The 
thickness of pseudo-conglomeritic bands varies from 1.2 – 15 
m and that of sandstones is 0.6 – 10 m on the uphill side above 
road level. However, it is seen that the debris flow materials of 
all kind of flow slides are comprises of pseudo-conglomerate 
(i.e. materials of Colluvium subsoil layers only) materials. 
 
 
Geotechnical Properties of Karshingsa area 
 
Overall there are three types of soil identified in the whole 
area namely – Colluvium layer (i.e. Pseudo-conglomerate 
origin; Table 3), Hardsoil–Softrock (Fig. 5&6) (Upper Siwalic 
sandstone/ Shale stone) layer and Gravelly sand (Fig. 5&6) 
(i.e. Conglomerate) layer. These three layers in alternate bends 
constituted the whole hillock land mass which are found after 
Bayan [2010 & 2012] in detail as furnished in the final 
technical reports of the project work on landslide studies.  
As a matter of field study, soundness of the field condition 
was achieved by conducting the SPT within each borehole. In 
this regard minimum corrected SPT value (i.e. N-value) is 
found to be 10 in closest location to the existing road (NH-
52.A) level. It estableshes that the subsoil strata are not very 
dense in present state. For comprehensive understanding, 









 46' 51" E and 139 m elevation  
 
Initial geotechnical properties of the subsoil of this site have 
been evaluated during early part of 2004 both at field and 
laboratory. However, recognition of final properties was 
achieved during 2011. It is recognised that the problem of 
flow type landslide generates after attaining certain unique 
geotechnical condition of soil mass saturation within the 
colluvial subsoil layer overlain the discrete boundary. This 
colluvium layer normally comprises the top layer of hill 
flanges generating flow slides hence, become the objective of 
study. Thus Table 3 gives an account of different properties of 
such colluvial subsoil of Karshingsa.  
 






















































































Ground Water Table and Increased Pore Pressure 
 
The role of ground water table and the development of extra 
pore pressure during rianfall period for generation of flow type 
slide, are to be counted seriously. Hence, field measurement of 
this kinds are compulsory.  For counting these two factors for  
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Fig. 6. Sectional elevation shows the Hillock bearing flow type 
landslide prone layers in Karshingsa area 
 
observation of related occurrence of the flow type slide within 
the hill flange, two Piezometers (Cassagrande Open tube) 
were installed during 2004 at toe of the hillock closer to 
foothill near to river bank. For comparision of the difference 
of level, or development of extra pore pressure, another 
Piezometer was installed in the level ground of Dikrong 
river’s island. One year recorded observation over the 
fluctuation of ground water table reveals during 2004-05 that 
there are development of extra magnitude of rapid pore 
pressure found related to the rainfall intensity absorbed at hill 
top and  flanges. The value varies from 750 mm to 1250 mm 
height of water column inside the standing pipe of the 
Piezometer having 25.4 mm diameter. The above recorded 
data is relevant to 24 hour interval of observation, particularly 




Void Ratio and Compaction Behaviours of Colluvium  
 
In general, the subsoil known as colluvium comprises of 
granular soil mass with angular grains of sand particles. Since 
it is a granular soil therefore, it is very much difficult to collect 
purely undisturbed soil sample from the field to analyse in the 
laboratory. Hence to find out its undisturbed properties like 
field density, void ratio etc. compaction tests are needed to 
carryout to follow the procedures. In the postulated procedure 
of stability analysis of flow type landslide, compaction 
behaviours of the subsoil generating slide are essential to 
evaluate. Moreover, in the same procedure of finding F.O.S 
void ratio and porosity of the slide prone landmass comprising 
colluvium, is to be recognised in the laboratory for suitable 
follow up. The essential procedure covers evaluation of the 
steady-state strength behaviour of the slide prone subsoil. 
Thus, Standard Compaction (light) Test (Proctor’s 
Compaction) was repeatedly carried-out with the Colluvial 
soil and the results were found out. For comprehensive 
understanding a typical result is presented in Fig. 7. 
 
Hydrological Properties of Riverbank site 
 
Some of hydrological properties of the river Dikrong were 
measured at site very closed to the foot hill toe of that hillock 
which generates the 1998 big flow slide. The measured data 
are conform to flooding situation prevailed during 2003-04. 
The data have been evaluated for cross sectional area of the 
river section at its shortest width that is located across the crest 
of the maximum bending area of the meandering of river (Fig. 
2) and the values of maximum and minimum velocities of the 
moving water body, which are given in Table 4. 
 
Figure:           Added moisture Vs Standard compaction density for Soil 










































Moisture 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Density 2.000 2.04 2.07 2.06 1.990
Average Values 
 in Polynomial trend
Test values in linear trend
RESULT::         Maximum Dry density:  (a) Tested:    2.075 gm/cc at OMC 11%
                                                                   (b) Historical: 2.055 gm/cc at OMC 9.5 % 
 
Fig.7. Added moisture Vs Standard Compaction 
 
Other hydrological properties like the determination of 
average particle size, silt factor and depth of general scour 
were also evaluated by collection different soil samples from 
the river section at site. However, the details of which is 
beyond scope of this paper. Hence, such values are deprived 
herein to save the pages. 
 
Table 4. Some hydrological properties of the river 













318.75 165.75 Sq. metre 




334.69 119.34 Cu.m/sec 
 
 
STABILITY ANALYSIS AND FACTOR OF SAFETY FOR 
FLOW TYPE LANDSLIDE 
 
 
Stability Analysis of Slope in General Practice 
 
The analysis of the landslide varies depending upon its mode 
and causes of failure occurred at site. However, analysis of 
unstable slopes (normally manmade slopes) is normally 
carried out as indirect method to find the causes for old slides. 
This indirect method is called as back analysis under limit 
equilibrium method. Hence, the analysis yields an 
approximate idea of the cause in-terms of FoS (factor of 
safety). The limit equilibrium method has been extensively 
used for more than fifty years. Its basics were developed in the 
first part of the 20th century [Fellenius (1936), Petterson 
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(1955)] and were further refined by other researchers [e.g. 
Bishop (1955), Morgenstern and Price (1965)]. Typically, a 
circular failure surface is assumed and divided into single 
slices. At each slice the equilibrium conditions are used to 
determine the unknowns. Since the number of unknowns is 
larger than the available equations, additional assumptions are 
necessary. The resulting normal and shear components (N and 
, respectively) at the slip surface are calculated from the slice 
geometry and the limit stress condition. In an iterative 
procedure the overall factor of safety can be determined from 
the ratio between driving and resisting shear forces along the 
slip surface. Different limit equilibrium methods use different 
assumptions regarding the inclination of the earth pressure 
component E and the equilibrium conditions which are 
satisfied at each slice. 
 
Slope stability results obtained with limit equilibrium methods 
are usually considered safe when applied to conventional 
slope calculations. However, the case of the naturally origin 
slope is different and quite sometimes it is unique. In recent 
years the finite element method started to be extensively used 
for common geotechnical problems. In slope stability analysis 
a so-called , c-reduction can be applied to determine the 
factor of safety and the critical slip surface. This method is 
already implemented in several commercial finite element 
codes. Comparative studies between both methods have 
shown no significant difference for simple slope geometries 
[e.g. Griffiths (1999), Cheng (2006)]. The influence of single 
numerical factors like the angle of dilatancy [Zienkiewics et 
al. (1975)] has been studied, too.  
 
In general, conventional slope analysis is normally carried out 
as stated below:  
 
1. For block failure modified Bishop’s equation. 
2. For combined block and circular failure Janbu’s 
 simplified equation.  And 
3. For planner or Circular failure Janbu’s general 
 equation. 
 
On the other hand, to protect the slide experienced slope from 
its future failure, analysis needed to find out and to locate the 
probable slip surface, which is known as critical slip surface. 
Such critical surface may be of circular, or wedge or planner 
or flow type. This has been done normally by trial and error 
method and the result of such analysis will be utilised to place 
in location, the remedial measures to be formulated. To 
identify and to locate the critical slip surface, in addition to the 
above mentioned methods following methods and their 
popularly known equation are also used in practice for 
landslide other than flow slide. There are two methods 
available, namely:  
 
1. The conventional indirect method by using Rankine’s or 
Swedish’s method. or Rigorous limit equilibrium by 
Speccer [1973] for general slip surface of circular nature 
and 
2. Direct method by Bhattacharya & Basudhar, [2001] for 
circular, or wedge or planner nature. 
 
However, the case of Karshingsa which has flow type 
landslide is unique. All the well known conventional methods 
described above for analysis are not truly useful. It demands 
special attention. On the other hand, no well known method of 
analysis so far developed till date is valid for dealing of such 
type of landslide. Hence, special attention has been made 
under R&D work projects found after Bayan [2010 & 2012] 
and successful results have been achieved, which create a new 
science in the subject of landslide hazard management.  
 
The analysis of a flow type landslide is carried out as per new 
formulae developed and found after Bayan (2004 & 2010) 
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X 2 X 3 
X 4 
C = 0.84 kg/cm2 
41.5 0 
 
C = 0.12 kg/cm2 
34.0 0 
 
C = 0.31 kg/cm2 
34.0 0 
 
C = 0.31 kg/cm2 
43.0 0 
 













Fig.  8. Cross section showing various succession of subsoil in the critical hillock of Karshingsa area 
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Evaluation of New Theoretical Relationship and Finding of 
Factor of Safety 
 
Out of a number of hillock ridges which generated the great 
flow type landslide during 1998, one of those hillock sections 
just above the NH-52(A) is shown in Fig. 6 and in Fig. 8. The 
section given in Fig. 8 is used for carrying out present stability 
analysis and to find out FoS. In this zone, various successions 
of the subsoil layers are exposed to air almost every where 
along the Road NH-52(A) which is dipping down to the river 







E i.e. towards the River Dikrong. When the study 
indicates that the mode of failure appears to be block-type 
(wedge) rather than sliding along a curve surface (Circular), 
wedge analysis shall be carried out to establish factor of safety 
by using the Modified Bishop’s equation (given below) as to 







































where,   F = Factor of safety   
C &  = Shear parameters of slide prone layer  
i = Average slope angle of sloped ground in cross section  
 = Unit weight of slide prone layer 
Z =  Average depth of slide prone layer  
v = Vertical seismic co-efficient of the area 
h = Horizontal seismic co-efficient  of the area 
Zw = Depth of ground water table (GWT) below existing 
surface. 
 
Severe flow type landslides occur regularly within colluvial 
soil mass located as top layer soil of hill flange (Fig. 8) during 
monsoon period in some particular spot of Karshingsa hilly 
zone. The physical features of flow slide reveals some staging 
like block structures at surface of the restabilised failure soil 
mass block and at bottom it gives fluidized flow of soil mass 
over discrete boundary. Since such colluvial soil generates 
flow type slide with the above mentioned features and it 
happens under static load condition only, hence no earthquake 
load is associated with the occurrence. Therefore, dynamic 
analysis having earthquake force is not necessary to consider 


































With the above formula i.e. Eq. 1.a, by considering some 
portion of wedge failure of the flow slide with conventional 
practices, FoS of the considered slope surface [Fig. 8] were 
found out under two different conditions: 
  
(i) With normal i.e. natural state of the subsoil 
parameters (c & evaluated), and  
(ii) With its maximum densest state obtained at Proctor’s 
DD i.e. at remoulding state of subsoil parameters. 
 
Different values of FoS were found out and are given in 
tabular form in Table 5. In this initial case, it is ascertained 
that the FoS so derived as per Eq. 1.a, with the known data 
which are given in the footnote of Table 5, is not critical nor a 
single value is found less than unity. Such values of FoS 
indicates that there generates no slide at field. However, the 
actual case is reverse. Therefore, it proclaims that the 
relationship govern by Eq. 1.a is insufficient to hold a good 
analysis of a flow type slide. 
 
The tabulated values of FoS indicates that there is no landslide 
occurred in reality. However, in reality landslide occurred in 
the area during continuous heavy rainfall. Therefore, to obtain 
a state of failure for such flow slides under the static condition 
of heavy continuous rainfall a new relationship is needed with 
new conception of science. The aborted rain water is the static 
load for such analysis. On the other hand, the absorption 
capacity of subsoil is dependent upon some parameters like 
density, void ratio, vegetation, slope of ground etc. Hence, it 
was felt necessary of some innovative R&D work to hold the 
real happenings. Thus a series of R&D works were carried out 
and ultimately useful results are found out as outcomes. 
 
With a new concept of science in the landslide occurrence in 
the nature of flow type slide within the colluvial subsoil strata 
of Himalayan origin, a new relationship has been developed in 
partial acceptance of the Eq. 1.a. The new concept is solely 
concerned about the external load which causes the flow slide 
is long duration heavy rainfall. Further, it is ascertained that, 
there is no ground water practically do exist at hill top. 
Moreover, the mechanism of failure of such flow slide is 
recognized under static condition of ground. Thus the static 
liquefaction potential of the slide prone subsoil over discrete 
boundary becomes prominent. Hence, the mechanism of such 
failure is known as ‘Static liquefaction’. By covering such 
situation the Eq. 2 was developed which is found after Bayan 





























GSFF  is the ground softening factor and other symbol 
have the same meaning as in Eq. 1.  
 
The output of the recent R&D work is concentrated with 
finding of this
GSFF . Details of this flow slide controlling 
ground softening factor are described in Eq. 3. 
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Note: Properties of subsoil and shear parameters are for (i) Natural stage: c= 280 gm/cm
2
, =33.50 
and = 2.21 gm/cc. and for (ii) remoulded stage under MDD : c= 840 gm/cm2, =41.50 and              






































































































































































 Where, GSFF = Ground softening factor for the slide prone 
area to be evaluated 
FR = Maximum rainfall considered for the area (here 
considered as 140.6 cm) [Table-1] 
L =Length of slide prone area along the direction of dip of 
the bedding plane (here considered as 650 cm) 
W =Length of slide prone area across the angle of dip 
direction of the bedding plane (here considered as  490 
cm) 
Z = Total depth of subsoil vulnerable to slide (here 
considered as 385 cm) 
PZ = Considered depth of subsoil that has been saturated 
due to rainfall during the period of rainfall considered 
(here considered as: varies from 0 to 385 cm) 
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Table 6.  Result of Static analysis for combined Wedge and Static liquefaction process for local stability  





























Factor of Safety ‘f’ from 







stage in max. 
bulk density 
Ground water (GW) at 0 m depth 
below surface 
30% (-) 0.742 (-) 1.066 (-) 2.363 
60% (-) 1.748 (-) 2.512 (-) 5.568 
90% (-) 8.474 (-) 12.176 -- 
100%  -- -- 





60% 0.623 0.895 1.984 
90% 0.485 0.697 1.545 
100% 0.459 0.659 1.462 





60% 0.609 0.875 1.939 
90% 0.477 0.685 1.519 
100% 0.452 0.649 1.439 





60% 0.603 0.866 1.921 
90% 0.473 0.679 1.507 
100% 0.448 0.644 1.427 













60% 0.693 0.996 2.207 
90% 0.527 0.757 1.679 
100% 0.496 0.713 1.579 













60% (-) 1.748 (-) 2.512 (-) 5.568 
90% (-) 8.474 -- -- 
100%  -- -- 
Note: Properties of subsoil and shear parameters are for (i) Natural stage: c= 280 gm/cm2, =33.50 and = 
2.21 gm/cc. and for (ii) Remoulding stage under MDD : c= 840 gm/cm2, =41.50 and =  2.29 gm/cc. 
 
RD =Relative density of the subsoil under analysis (here 
considered as 0.667) 
FP = Percolation factor of the ground which is equal to 
reverse of run-off coefficient  
      = (1- runoff factor ( RFR )of the flanged ground or hill 
slope) or (1- FRR ) or (1- 0.055=0.945) 
k = Value of physical permeability of the subsoil (here 
considered as 0.05) 
pcS = p.c. saturation of the rainfed subsoil (here considered 
as: varies from 0% to 100%) 
 
By using the Eq. 2 and Eq. 3 with relevant data given above 
and the data given in the foot note of Table 4 and Table 6, 
different values of FoS have been calculated with various 
degree of saturated soil condition of sloped ground and depth 
of its percolated rain water from surface (considered as reverse 
GWT) of the sloped ground. Consequently, the evaluated 
values are given in tabular form in Table-6. 
 
 
MECHANISM OF FLOW TYPE LANDSLIDE 
 
The stability analysis of flow slide, which reveals the FoS 
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values given in Table 6, proclaims that the occurrence of flow 
of soil mass like liquid becomes prominent as and when the 
bottom most soil particles that overlain the discrete boundary 
of the slide prone layer wets up approximately to 60% 
saturation stage. It indicates that when the rain water 
percolates into the ground and reaches up to the bottom most 
portion of the layer, the phase of static liquefaction just use to 
start. Further beyond this starting phase, accumulation of the 
percolated rain water use to begin rising as GWT over the 
discrete boundary, a total failure mechanism use to start 
commencing of micro happening. Further more, as and when 
more and more time elapses under the same prevailing 
condition of wetting, saturation and together with rising of 
GWT, the full mechanism of static liquefaction generated.  
 
After such generation, the sliding of the soil mass in the form 
of liquid flow begins visibly from the extreme edge of the 
dipping down soil grain at open face of the boundary.  This 
visible flow of the soil mass as fluid flow gives the actual 
occurrence of a flow type landslide. Once such mechanism 
start moving in the particular nature of soil mass in micro 
scale i.e. in very small scale, it is propagating and in course of 
the elapsing time under the same wetting condition the whole 
mass of the subsoil starts moving down over the discrete 
boundary. In the succeeding phases of such micro-sliding 
phenomenon of goes down soil mass like liquid, prominent 
sliding as well as subsiding surface of the ground at distant 
location from the open edge of sloped ground yielded. As a 
result of such micro-consequences subsiding of ground surface 
reveals in large scale. The propagation of such ground surface 
subsidence phenomena ultimately generates flow type 
landslide in a quicker and most rapid way. Hence, the Flow 
type landslide exists in the vulnerable subsoil particularly in 
colluvial soil of Himalayan origin, or more particularly it is 






From the present study following opinions may be concluded 
as: 
1.  Flow type landslide always originates in the naturally 
formed colluvial ground irrespective of surface slope 
situated over a discrete boundary only under static load 
condition. 
2. Conventional back analysis for fixing the critical shear 
parameters for successive stability analysis is not valid for 
flow type landslide. 
3. Traditional practice of stability analysis based on the 
limiting equilibrium is not fully applicable for flow type 
landslide.  
4. Kashingsa landslide area may be the source of studying 
flow type landslide as reference for all other Lower 
Himalayan flow slides.  
5. Development of the new formulae (Eq. 2 & Eq. 3) are 
feasibly complying the actual field situation for generation 
of flow type landslide at Himalayan subsoil. 
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